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SOME EFFECTS O F  AIRCRAFT  CONFIGUX4TIOW ON STATIC 

CHAF3XWISTICS AT SUPELSONIC 

By M. Leroy SFearrman end Arthur Henderson, Jr. 

The longitudinal problem  of airplane  configurstions at supersonic 
Mach nurnbers below 3 i s  generally one of excess ive   s tab i l i ty  so t h a t   t h e  
large  control   def lect ions req-red for t r h  may resul t   in   undesirably 
low t r k e d  l i f t -d rag   r a t io s .  These charac te r i s t ics  may be rel ieved t o  
a ce r t a in  exbent by pos i t ive   increases   in   the   p i tch ing  moment at constant 
l i f t   t h a t  may lje effected  through  the  use of  such  devices as body camber. 

The d i r e c t i o n a l   s t a b i l i t y  is characterized by a resid de ter iora t ion  
with  increasing Mach number. This   t rend  resul ts   pr imari ly  from t h e  l o s s  
ifi vert ical- ta i l   l i f t -curve  s lope  with  increasing Mach number and is  con- 
siderably  aggravated for most configurations by the  highly  unstable wing- 
body combinztions that  occur Tron the  use of large  high-fineness-rztio 
bodies and  from t h e  far rearwzrd  center-of-gravity  positions. Hence, a 
lzrge  percentage of the t a i l  contzibution is lost i n  overcoming the  
unstable moment of the wing-body combimtion and only a small percentage 
i s  avai lable   to   provide 8 p o s i t i v e   s t a b i l i t y  margin. Ar?y decrease i n  
t a i l   con t r ibu t ion   r e su l t i ng  f ron  in te r fe rence   e f fec ts ,   ae roe las t ic i ty ,  
control  deflection, a d  so on, subt rac ts   d i rec t ly  from t h e   s t a b i l i t y  
margin  and may lead  quickly  to   direct ional   divergence.  The concept of 
the  wing-body induced  sidewash f ie ld  has been shown t o  be  of sone impor- 
tance   in   qua l i ta t ive ly   de temining   the   e f fec t  of angle of a t t ack  on the  
d i rec t iona l   charac te r i s t ics  of the  wing-bo6y combination  and on t h e  t a i l  
contribution. 

INmODUCTION 

c 

Aircraf t   designed  for   f l ight   in   the  su3ersonic  Mach Ilumber r m g e  up 
1 to about 3, frequently  encounter some prablems ol" s t a t i c  stability m-d 

control.  These problem  are  apparent  in Yile case of longitudinel stabil- 
i t y  ES an excessive static margin tlict results Ln tie need for Lmge 



control  deflections ts t r i m  a?d, as  a consequerce,  high t r t m  drags aad 
low t r in  l i f t -drag   ra t ios  may occur. 

8 

T!le d i rec t iona l  problern, on the  other  hmd, is primarily one of 
insurf ic ient   s tzbi l i - ty .  The magnitude of direct ional   s tabi l i ty   decreases  
quite  rspidly  with  increasing Mach  number and as a r e s u l t  t'ne d i rec t iona l  
characterFstics become p m t i c u l a r l y   s e n s i t i v e   t o   m g l e  or" at tack changes, 
t o   a e r o e l a s t i c i t y ,  and t o  various  configurztron changes  such as the  ad&i- 
t i c n  of external   s tores .  

It i s  the  purgose of t h i s  paper t o  describe some or" the  sources of 
these pro5lems and t o  indicate sane means by  which these  problm-s might 
be al leviated.  

SYMBOLS 

drag  coefficient 

l i f t  coefficient 

pitching-moment coeff ic ient  

yawing-moment coeff ic ient  

yawing moment due t o   s i d e s l i p  

lateral-force  coefficienl;  

l a t e r a l   f o r c e  due t o   s i d e s l i p  

increnent  in  lateral-force  coefficient  contributed  by 
v e r t i c a l  t a i l  

drag 

incidence of horfzontal  t a i l  

l i f t  

free-stream Mach number 

free-stream  velocity 

lateral veloci ty  component  due t o  sidewash - 
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U angle of a t t ack  

B angle of s ides l ip  

DISCUSSION 

Longitudinal  Stabil i ty 

3 

The longitudinal problem,  which will be considered firsti, is p r i -  
na r i ly  one  of excessive  s tabi l i ty .   This   excessive  s tabi l i ty  i s  a result 
of several   generally well-known fac tors .  These fac tors   inc lude   the  
inc rease   i n   s t ab i l i t y  02 tfie wing-body combination t h a t  is caused by a 
rearwerd s h i f t  of the  w5ng cenker of pressure and e. s t ab i l i z ing   i n t e r -  
ference  effect  of the  wing l i f t  carried  over -Lo the d te rbody.  The ste- 
b i l i t y  i s  further  increased  because of t h e  loss of the  subsonic  type of 
wing downvash at the t a i l  s ince   the  major port ion of this downwash i s  
cor?l"ined t o   t h e  wing-tip Msch cones  and at supersonic  speeds  begins t o  
move of f  of the   horizontal  ta i l .  In   addi t ion,   in   the  case of most low- 
t a i l   e i r p l a c e s ,   s t a b i l i z i n g  upwash from t he  body may be  encountered. 
A t  the  sane time t h a t  t'ne s t a b i l i t y  is increased,  the  effectiveness of' 
t he  t a i l  i n  producing  pitching  mment is reduced. A s  indicated  by  the 
example shown i n  T i g u r e  1, these   e f fec ts  combine t o  cause  large untrirmned 
pitching moments t h a t  must be overcome through  rather  large  control 
deflections,  and t h e   r e s u l t  is high trim drag and l o w  trim l i f t -d rag  
ratios.   In  addition,  because of the   l z rge   cont ro l   def lec t ions   requi red  
f o r  trimming, l i t t l e  excess  control  deflection may be avai lable  for 
mneuvering. 

Sone recent  investigetions have indicetea Y2E-t body camber, similar 
t o  t he t  Droposed from area-rule  considerations,   nay  be  useful  in  providing 
posLtive  increments of pi tching moment ai; constm-t l i f t  i n  such a manner 
as to  relieve  the  control-deflection  requirenents.  The eXec t s  of body 
camber are shown i n  figure 2 f o r  a 60° d e l t a  -ing-body at M = 1.6. The 
reflexed or cembered body produces  constant oitching-moment  increments 
throughout  the lift range vit1.1 no chmge i n  drag and should be usefu l  
i n   s h i f t i n g   t h e  pitching-moment l eve l  for a basic  configuration so t h a t  
t h e  pitch-control  requirements  might  be  relieved  and'the drag due t o  
t r i m i n g  reduced. 

Although the excessive  longi tudinal   s tabl l i ty   presents   ser ious con- 
t r o l  problems i n   t h e  Mach nmber  range  from 1 t o  about 2, t he re   a r e  
inCicEtions  that a reduct ion   in   longi tudina l   s tab i l i ty  w i l l  occur as t h e  
Mach nmber  increases  toward 3 or above. Such an   e f fec t  F s  i nd ica t ed   i n  
f i g t r e  3 for   three  difTerent   a i rcraf t   conyigurat ions  in   the Mach number 
range  from  about 1.4 t o  3.0. Here there  is a general   decrease  in  longi- 
t u e i n a l   s t z b i l i t y   f o r   t h e  complete confi@.ratio_n_ t h a t  i s  apparently 
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dicts ted  3y a decrease i n  the s t s b i l i t y  of the  tai l-off  configuration. 
This  stabil i ty  decrease  occurs  in  part  Trom a decrease i n   t h e   s t a b i l i z i n g  
carryover lift ef fec t  of the wing on the  afterbody as indicated  in   refer-  - 
erce  1. A t  higher Mach nmbers,   the added ef fec ts  of large changes i n  
dynqmic pressure   in   the  wing f l o w   f i e l d   m y  cause  additional changes i n  
tne  longikudinal   s tabi l i ty .  

Di rec t ioml   S tab i l i ty  

The second  phase of the  supersonic   s tabi l i ty  problem which w i l l  now 
be discussed i s  tha t  of s ta t ic   d i rec t iona l   s tab i l i ty   in   the   supersonic  
"sch number range below 3.  The direct ional   s tabi l i ty ,   in   contrasr ;  t o  t he  
long i tud iml  proSlem, is characterized by a rapid  deter iorat ion  in   the 
s t a b i l i t y  -wTth increasing Mach number. A typ ica l   var ia t ion  of t he  sta- 
b i l i t y  parameters Cn8 and Cy with Mach number is shown i n  figdre 4.  
It w i l l  be noted tha t   there  is a progressive  decrease i n   t h e   s t a b i l i t y  
l e v e l  of the  complete configuration until a Mach number is reached where 
direct ional   instabi l i ty   occurs .  This loss i n   s t a b i l i t y   r e s u l t s  from the  
cnaraccer is t ic   cecrease  in   l i f t -curve  s lope of t h e   v e r t i c a l  t a i l  with 
increasing Mach number, which is re f l ec t ed ,   i n   t u rn ,   i n  a decreased t z i l  
contribution -Lo tile t o t a l   s t a b i l i t y .  

P 

The s i tua t ion  is  considerably  aggravated for most current  designs 
by a large  unstable wing-body yawing moment. This  large  unstzble moment 
general ly   resul ts  from the  use of large,  high-fineness-ratio  fuselages 
w i t h  far rearward  center-of-gravity  positions. The adverse  effects of 
such  center-of-gravity  positions on d i r ec t iona l   s t ab i l i t y  are twofold i n  
t h a t   t h e  unstabld'yaEJeg moment of the body is incrwsed  while  the 
ver t ica l -ha i l  moment am Js r w  d. 

- 
" 

The r e su l t s  shown are for  zero  angle of a t tack  and f o r  a r i g i d  
model. It w i l l  be  noted  that a considerable  portion of t he  t a i l  con- 
t r i bu t ion  is  reqGired t o  overcome the  large  unstable wing-body yawing 
moment. It i s  obvious tha t  any loss  in   ver t ica l - ta i l   cont r ibu t ion  
resu l t ing  Prom wing-5ody w a k e s ,  interference  f low  fields,  or vo r t i c i ty  - 
as w e l l  as aeroelast ic  effects - could  readily lead t c  d i rec t iona l   ins ta -  
b i l i t y .  The problem is  most acute a t  the  higher Mach numbers where the 
s t e b i l i t y  level is  already  marginal. 

A means by which the  t a i l  contribution t o  can  be  increased by 

a r e l e t ive ly  simple modification is  i l l u s t r a t e d   i n  figure 5 .  These r e su l t s  
a r e  f o r  zero  angle of Ettack and a Mach number of 2.6. The results f o r  t3e 
basic  t a i l  indicate a reversa l   in  Cnp. The modification, which consisted 

of the addition of wedges t o  both  sides of the  trail ing-edge  portion of 
the v e r t i c a l  tai l ,  removed the   reversa l  and resulted i n  a substant ia l  

n 
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c increase Ln ta i l  effectiveness.  This improveznent was obtained with only 
a w h t .  increase  in  drag. A s  shown by the  resu l t s  on the  right-hand 
side of figure 5 ,  the  effectiveness of the wedges, as predicted by two- 
dimensional  shock-expansion  theory, is i n  good agreement with  the  experi- 
mental  results. 

. 

The results thus far have  been confined t o  zero  angle or" attack. 
A n  example of the  angle-of-attack  effects that m i g h t  occur are shown i n  
figure 6 f o r  a 35O swept-wing airplane at M = 1.6. The direct ional  
s tabi l i ty   decreases   qui te   rapidly with angle of attack and i n s t a b i l i t y  
occurs above about loo. The nonlinear  variation of Cn witin_ f3 that 
is apparently  influenced  by  the wing-body c h r a c t e r i s t i c s   m y  add con- 
siderably t o  the direct ional  problems since  regions of i n s t a b i l i t y  m i g h t  
be reached  through rudder deflections , f o r  exanple . 

I n  such  cases, the d i rec t iona l   ins tab i l i ty  may be delayed t o  higher 
angles of a t tack  or higher Mach numbers simply by increasing  the  size of 
the ve r t i ca l  tai l .  Indiscrhinate   use of t h i s  method, of course, may 
result   in  undesirably high lateral forces and ro l l i ng  moments and may 
increase the s t ruc tu ra l  and w e i g h t  problems associated w i t h  t he   ve r t i ca l  
t a i l .  

The loss in  directional  stabil i ty  indicated  here  with  increasing 
angle of a t tack  and for  other  configumtions i n  t h i s  Mach  number range 
appears t o  be due i n   p a r t   t o   a n   e f f e c t  of the  disturbance  caused by the  
wing-body juncture act ing on t h e   v e r t i c a l  tai l  and afterbody.  This w i n g -  
body disturbance is apparent in   the   sch l ie ren  photogrephs shown in f ig -  
ure 7 f o r  a high-wi-ng posi t ion and a low-wing posi t ion of a 43O swept 
wing  on a body of revolutioll at angles of z t tack of 50 and loo and at a 
Mach  number of 2. The shock l i nes  from the wing are v i s ib l e  ill both 
cases. The disturbance induced  by the  wing-body juncture i s  c lear ly  
v i s ib l e   fo r   t he  high-wing case  and is alined io  the f ree-s t rew  d i rec-  
t i o n  so t h a t  it passes  the  region  normally  occupied  by  the  vertical tai l .  
For the low-wing arrangement, the disturbance is confined t o  the after- 
body region and  hence is not   v i s ib le   in   the  photogmphs. 

This wing-body disturbance is the same as that which occurs a t  sub- 
sonic  speeds, and a t  angles of sideslip  provides  the same type of side- 
wash dis t r ibut ion ai; t he   ve r t i ca l  t a i l  es that discussed i n  reference 2. 
A t  Mach numbers  somewhat greater than 2, however, where the X ~ c h  l i nes  
from the  wing are directed more nearly  over the v e r t i c a l  ta i l ,  addi t ionel  
changes i n  t a i l  contribution, as poicted  out i n  referezlce 2, d g h t  be 
experienced  because of the large changes i n  d-c pressure   in   the  wing 
flow f ield . 

Some e f f ec t s  oZ t he  wing-body induced  sidewash f ie ld  a re  shown i n  
figure 8 f o r  a wing-body-tail cmbimt ion  at a Yach number of 2. The 
nature of t he  induced  sidewash f o r   t h e  high-  and low-wing posit ions is 



shown i n   t h e  upper-right  diagrm.  This sidemsh results from t h e  d i f -  
f e r e n t i a l  wing pressures  near  the wing root that are created by the  
lateral conponefit of velocity due t o  s idesl ip .  For t he  high-wing cese, 
t h i s  sidewash i s  aiiverse above the center of the  w i n g  w a k e  and is  favor- 
able below f t .  The reverse i s  true f o r   t h e  low-wing case. A t  zero 
angle of attack,  the  afterbody l ies  i n   t h e  sene type of flow  region  for 
e i t h e r  wing posit ion and the  values 03 CnP are the  sane for t he  t a i l -  

off  confiLgxatiors. Witn increasing  angle of a t tack,   the  low-wing 
arrangemem becomes increasingly  unstable  since  the  afterbody moves  down 
through a region of adverse  sidewash. For t he  high-wing arrangement, 
there  is l i t t l e  change in   s tabi l i ty   with  increasing  angle  of a t tack  
since  the  afterbody moves into  an  undisturbed flow region. 

With the  eddition of t h e   v e r t i c a l  t a i l  a t  u = Oo, both  configura- 
t ions  become stable. However, t h e  t a i l  contribution i s  less with  the 
high wing s ince   t h i s  arrangement  places  the t a i l  i n  a region of  adverse 
sidewzsh. With increasing  angle of zrttack, t he  t a i l  contribution con- 
t imes  t a  decrease fcr t h e  high-wirg  arrangenent as the  t a i l  passes 
through  the  region of adverse  sidewash. For the  low-wing errangenrent, 
tne t a i l  contribution  increases  with  increasing angle of a t tack  as the  
t a i l  passes throug;? a region of  Sevorable  sidewash. 

The efr'ect of the wing sidewzrsh on the  ver t ical- ta i l   loading,  as 
obtained from pressure measurerr;ents on the  t a i l ,  is shown i n   t h e  lower 
right-hand s i d e  cf f igure 8. A t  u = Oo, the  overall  loading is  less 
for  the  high-wkg  position,  end, a t  a = l ? O ,  the  loading  actually 
changes sign  near  the  root of t he   ve r t i ca l  t a i l  f o r   t h e  high-wing posi- 
t ion.   Unfortunately,   in  ei ther  cese,   the  directional  stabil i ty f o r  the  
comple'ue co-eigurations  reduces  with  increasing angle of attack  but for 
zwo differen6  reasons - for   the  high wing, because  of a decreaslng t a i l  - 
contribution, and, fo r   t he  low  wing, because of an  increase i n   t h e   i n s t a -  
b i l i t y  of xhe wing-body com5imtion. These e f fec ts  of wing-body induced 
sidevasn are dependent or;- the  wing pos i t i on   r e l a t ive   t o   t he   bow  c ros s -  
flow. The body crossflow, in   t u rn ,  is dependent on the  body cross- 
sect ionel   s ize  and shape. 

Some ef fec ts  of variom t a i l  modifications on the  direct ional  sta- 
b i l i t y  of two different  configuratfons at Mach numbers of 1.6 and 2 ere 
shown i n  figure 9. Bot:? configurations have body shapes and wing sos i -  
t ions   tha t  might be expected t o  cause  adverse  sidewash i n   t h e  wake above 
the  wirs-bcdy junchre .  A s  E resu l t ,   the   var ia t ion  of Cnp with  angle 

of  at,%ack i r i l c e t e s  a large loss  in   ve r t i ca l - t a i l   con t r ibu t ion   fo r  the 
basic tai ls  whereas the  tai l-off  co-digurztions show some improvement. 
7or the  configuration shown OE the  left-hand  side of figure 9, the  addi- 
t i o n  of a d o r s a l   f i n  had l i t t l e   e f f e c t  on s i n c e   t h e   f i n  WES places 

i n  a regior,  of  adverse  sidewash. The addition of a s ~ l l  ventral f i n  

1 

CnP 



- 
having  about  two-thirds  the  area of t h e  dorsal f i n  provided z s t ab i l i z ing  
increzect of that illcreased  slightly  with  angle of a t t ack  because 

of the  =ore  favorable flow beneath the body. 
- CnB 

For the  configuration shown OE the  right-hand  side of figure 9, 
modifications t o  the basic  t a i l  consisting of an  exteodea  chord  and of 
an  extended t i p  yere made. These modifications  provided  equal  incremexts 

Or" CnP 
at zero ar?gle of at tack.  With increasips  angle of attack, haw- 

ever,  the  incrment  provided by the  exLended chord decreeses  since  this 
area extensioo is  adversely  affected by t h e  sidewash. Tne increment of 
C provided  by the  extended t ip   remins   essent i s l ly   cons tan t   wi th  mgle 
of a t tack  up t o  15' since this area extension  remains above the  flow- 
r"ie1d disturbance from t h e  wing-body juncture. 

nP 

The configuration shown i n   f i g w e  10 has a midwing with a l m g e  
negative  dihedral  angle. This arrangeEent  places  the wing in & posi t ion 
r e l z t i v e   t o   t h e  body crossflov such that & favorable sidewash above the  
wing simllar t o   t h a t   f o r  & low-wing circular-body  cor!igurE?tion  might be 
expected.  Accordingly, the   var ia t ion  of wi-th angle of a t t sck   ind i -  

cates  l i t t l e  change i n   t h e  t a i l  contribution,  al though  the  directional 
s tabi l i ty   decreases  as a r e su l t  of the increas ing   ins tab i l i ty  of t he  

c tai l-off  configuration. The subst i tut ion ol" art enlarged t a i l  i n  the 
region of favorable  sidemsh  causes a large  increase i n  CnP st a = OO 
and an increase   in  the  t a i l  contribution w i t h  ill-creasing  angle of aktack. 
The eddition of a v e n t r a l   f i n   t o   t h e   b a s i c  model i s  beneficial ,  buC its 
e f f ec t  is much less than- t h a t  for t h e  e-rllarged tail ,  although  the  area 
of t h e   v e n t r a l   f i n  is about  twice  that of t h e  area increase   for  the 
enlarged tail. It might be expected that, f o r  a configura-iion  of this 
type, a chordwise  extension t o  the v e r t i c a l  t a i l  would be more effec- 
t i ve   t han  a spanvise  extension i n  Fncreasirg Cnp - 

CnP 

It should  be  pointed  out  that  ventral f ins or  lower-surface  vertical 
tails should  always  provide good di rec t iona l   charac te r i s t ics  at high 
angles of attack since these surfaces, regardless of the  i n i t i a l  wing- 
body induced sidewash charac te r i s t ics ,  move i n t o  & region of undisturbed 
flow. T'ne direct ion21  character is t ics  or' a lower-surface  vertical-tail  
arrangement and an  upper-surface  vertical-tail  arrangemefit at a Mach 
number of 2 are campared i n   f i g w e  11. T'ne direct ional   s tabi l i ty   decreases  
rapidly with a-ngle of a t t a c k   f o r  the conventional t a i l  arrangement, p r i -  
marily  beczuse of a decrease i n  the t a i l  contribution.  For  the lower- 
surface  arrangerrent, however, a la rge   increase   in   the   d i rec t iona l  sta- 
b i l i t y  with angle of a t t ack   fo r  the ctmplete model i s  ind ica t ed   i n   sp i t e  
of a decrease  experienced by the tail-off  configuration. 

An addi t ional  examgle of the sens i t i v i ty  of the d i r ec t iona l   s t zb i l i t y  
t o  coI.lfcguration  changes is  shown i n  figure 12. This figure shows some 

I 



effects  of two different  extern.1-store in s t a l l a t i cns  on a 45O swept- 
wing airplane at an  angle of a t tack  of 13O and M = 1.4. Both in s t a l -  
l a t ions  - one  body-mounted s tore  and two wing s tores  - caused  an  increase 
in   the  la teral .   force.  The body-store  corxfigmation was direct ional ly  
unstable whereas the two wing s tores  caused a f a i r ly   l a rge   i nc reese   i n  
the d i r e c t i o n d   s t a b i l i t y .  These changes i n  C were somewhat greater  

than would be  expected from consideration of the  isolated  s tore   forces  
and indicate  rather  large  mutual  interference  effects between the  verious 
components that tend t o  complicate the quantitative  prediction of the  
s tore   e f fec ts .  

CONCLUDING REMARKS 

Tne longitudinal problem of airplane  configurations at supersonic 
Mach numbers below 3 is generally one of excessive  s tabi l i ty  so that the  
large  control  deflections  required  for t r i m  may resul t   in   undesirably low 
trimmed 3- f t -drag   ra t ios .  These charac te r i s t ics  may be r e l i e v e d   t o  a 
cer ta in   extent   by  posi t ive  increases   in  the pitching moment at constant 
l i f t  t h a t  may be effected  through  tne  use of such  devices as body camber. 

The d i r ec t iona l   s t ab i l i t y  is characterized by a rapfd  deterioration 
w i t h  increasing Mach number. This  trend  results  prjmarily from the loss c 

in   ver t ica l - ta i l   l i f t -curve   s lope  with increasing Mach nmber and i s =  
considerably  aggrzvated  for most configurations  by the highly  unstable 
wing-body combinations t h a t  occur frm the  use of large  high-fineness- 
ra t io   bodies  and frm t h e   f a r  reamrd  center-of-gravity  positions. 
Hence, a large  gercentzge of the  t a i l  contribution is lost i n  overcoming 
the  unstable  mament of the wing-body cmbination and only a smll per- 
centage i s  mai lab le   to   p rovide  a p o s i t i v e   s t a b i l i t y  margin. Any decrease 
i n  t a i l  con-t;ribztion  resulting from interference  effects ,   aeroelast ic i ty ,  
conkrol  deflection, and so on, subt rac ts   d i rec t ly  from the s t a b i l i t y  mar- 
gin  and mzy lead  quickly to   direct ional   divergence.  Tne concept of the 
wing-bcdy induced  sidewash f i e l d  has been shown t o  be of some importance 
in   qual i ta t ively  determining  the  effects  of angle of a t tack  on the  direc-  
t iona l   Charac te r i s t ics  of the  wing-body combimtion &rd on the t a i l  
contribution. 

Langley Aeron&utical  Laboratory, 
National Advisory Cami t tee  for Aeronautics, 

Langley Field,  Va., Navernber 2, 1955. 
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EFFECT OF TAIL  SECTION MODIFICATION ON DlREGTlONAL  STABILITY 
a = 00; M = 2.6 
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EFFECT OF WING-BODY AND SIDEWASH FIELD ON 
DIRECTIONAL  STABILITY 
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Figure 8 



EFFECTS OF TAIL  MODIFICATIONS FOR CONFIGURATIONS 
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EFFECT OF TAIL MODIFICATIONS FOR  CONFIGURATION 
HAVING FAVORABLE SIDEWASH ABOVE WING 
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Figure 10 



EFFECT OF TAIL LOCATION 3 N  VARIATION 
OF CnB WITH (L 

M=2 

/-- 

Figure 11 

EFFECT OF STORES ON DIRECTIONAL  STABILITY 
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Figure 12 
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